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Description 

This invention relates to a random copolymer comprising at least ethylene and a 1,4,5,8-dimBthano-1 ,2,3,4,4a, 
5 8 Ba-octahydronaphtalene as monomers. More specifically, it relates to a copolymer having, excellent transparency 
and a well balanced combination of heat resistance, heat aging resistance, chemical and solvent resistance, dielectric 
properties and mechanical properties such as rigidity. This application is divided from application no. 85 300 706.0. 

Polycarbonate pory(methyl methacrylate) and polyethylene terephthalate) are known as synthetic reams having 
excellent transparency. The polycarbonate resin has excellent heat resistance, heat aging resistance and impact 
strength as well as excellent transparency, but have the delect of poor chemical resistance whereby it is readily attacked 
by strong alkalies Poly(methyl methacrylate) has the defect that it Is susceptible to attack by ethyl acetate, acetone 
and toluene Is swollen In ether, and has low heat resistance. Polyethylene terephthalate has excellent heat resistance 
and mechanical properties but has the defect of possessing weak resistance to strong acids or alkalies and bemg 

susceptible to hydrolysis. 4 , . 4 

Many of polyolefins well known as general^purpose resins have excellent chemical resistance, solvent resistance 
and mechanical properties, but have poor heat resistance. Furthermore, they have poor transparency because they 
are crystalline The transparency of polyolefins is generally Improved by adding a nucleating agent to render the crystal 
structure fine, or by performing quenching to stop the growth of crystals, but such measures have not proved to be 
entirely effective Rather, the addition of a third component such as the nucleating agent is likely to impair the inherent 
excellent properties of the polyolefins. Furthermore, the quenching method requires large scale equipment, and is also 
likely to reduce heat resistance or rigidity with a decrease in crystallinity. 

On the other hand, methods have been proposed for producing polymers having superior transparency by copo- 
lymerizing ethylene with bulky comonomers. U. S. Patent 2,883.372 discloses a copolymer of ethylene with 2.3-dihy- 
drodicyclopentadiene. This copolymer has a well balanced combination of rigidity and transparency but low heat re- 
sistance as shown by its glass transition temperature of about 100°C. 

Japanese Patent Publication No. 14.91071971 discloses a process for producing a homo- or copolymer hav*g 
polymerized units represented by the following formula (a) 



4S 



60 



55 



(a) 



wherein R is hydrogen or a lower alkyl group, which comprises polymerizing a 1 ,4,5,8-dimethano-l ,2,3,4,4a. 
5.8,Ba-octahydrcnaphthalene represented by the following formula (b) 



COT' 



wherein R is as defined above, 
felone or with a cyclic olefin selectedlrom styrene. acenaphthylene. bicyctoi2.2.1 Jheptene-2, alkyf-substituted products 
of the heptene and cyclopentene in the presence of an alcohol as a reducing agent using a halide of a noble metal 
such as ruthenium as a catalyst. 

Homo- or co-polymers comprising the 1 ,4,5.8-dlmethano-l ,2.3.4,4a.5 f 8,8a-octahydronaphthalene ae a part or the 
whole of monomers and methods for production thereof are also disclosed in Japanese Laid-Open Patent Publications 
Nos 159 598/1975. 127,728/1983, 51,911/1984, 81,315/1984 and 81.316/1984 and U. S. Patent 4,178,424. 

The polymers disclosed in these prior art documents are ring^opened polymers having polymerized units resuiliny 
from ring-opening ol monomers as in the polymerized units represented by formula (a). As can be understood from 
the formula (a), these rlng^opened polymers are structurally characterized by the tact that the main polymer chain 
contains an unsaturated vinyl linkage. Because of the presence of the unsaturated vinyl linkage, these potymers have 
poor heat aging resistance. 

All of the polymers described in the above prior art documents are ringopened polymers obtained by the ring 
scission of monomer. U. S. Patents 3.330,81 5 and 3.494.897 and Journal of Polymer Science: Polymer Physics Edition, 
volume 12, 1607-1618 (1974) describe polymers of the type obtained by the opening of the double bond of monomer 
without the ring scission of the bicyclohept-2-ene skeleton of the monomer. 
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U. S. Patent 3,330,815 discloses that a polymer comprising polymerized unite ot the following formula (c) 




(e) 



or the substitution product thereof is obtained from bicyclo[2.2.1]hept-2-ene of the following formula (d) 

(d ) 

or lt8 J^p"^ discloses a process for producing a copolymer of ethylene with a bicyclcJ2.2. 1 J-hept-2-ene 

represented by the following formula (e) 



35 



40 



45 
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55 




(e) 



R R' 

Example 44 and claim 92 of this patent discloses a copolymer of ethylene with tetraeydc{6.2.1 , l3.«, 0 2.7]-4-dodecene 
ol the following formula (f) encompassed within the formula (e) 



00) 



(f) 



and ethylene The Patent does not describe the content of the tetracyclododecene of the copolymer of Example 44. 
When it is calculated underthe assumption that all of the telracyclododecene charged was Introduced mto the P<*m*l 
the polymer contains polymerized units derived from about 2 mole* at most of the tetracyclododecene^U. S. Patent 
3,494,897 does not at all describe specifically copolymers of ethylene with tetracyclododeeenes other than the tetra- 
cvcloio 2 l.lM.O'TM-dodacene of formula (f). 

journal of PotymTr Science: Polymer Physics Edition, volume 12. 1607-1619 (1974) d«closes copolymers of eth- 
ylene and norbornene derivatives having dynamic mechanical properties. Table II of this cement shows a copolymer 
of ethylene containing 1 mole% of polymerized unite derived from the same compound as formula (f) (named octny- 
drodimethanonaphthalene in this document). Table IV thereof states that this copolymer has a beta-relaxation temper- 

a<Uf ThilSolymers described in these prior art references which contain only 2% at the largest of octahydrodimeth- 
anonaphthalene have a glass transition temperature of about 15«C at the highest. They strongly exh.bit a robbery 
nature and have poor heat resistance and mechanical properties. 

The present invention provides a transparent random copolymer characterized in that 

(A) said copolymer comprises polymerized units derived from ethylene and polymerized units derived from 
» 1 ,4,5,8-dimethano-l ,2,3.4,4a.5,B.8a-octahydronaprithalene represented by the loPowmg formula (1 ) 



— (i) 

wherein R, and R, are identical or different and each represents a hydrogen atom, a halogen atom or an 
alkyl group, or R, and Rj may be bonded to each other to form a ^methylene group or a group represented by 
the following formula 



in which R 3 and R* are identical or different and each represents a hydrogen atom, a halogen atom or an 
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alkyl group, 

(B) the mole ratio ol polymerized units derived from l.d.S^^imethano-l.a.a^^.^B.ea^ctahydronaphthalene 
to polymerized units derived from ethylene is trom 3:97 to 95:5. 

(c) the l,4 I 5,e-dimethano-1.2.3 t 4,4a t 5.B ( 8a-octahydronaphthalene is incorporated in the polymer chain as polym- 
erized units represented by the following formula (2) 



xxx" 



(2) 



wherein R t and R 2 are as defined above, and 
(0) said copolymer has a glass transition temperature, measured by a dynamic mechanical analyzer, of at least 
25°C subject to the proviso that said copolymer does not consist essentially of said at least one 1 ,4,5,8-dimethano- 
is ^ t 2,3A4a.5,8,8a-octahydrc*aphthalene represented by the formula {1 ), ethylene and at least one alpha-olefm of 

at least 3 carbon atoms and/or cycloolefin, wherein the mole ratio of polymerized units from the 1 ,4,5,8-dimethano- 
4 12 3 4 4a,5,B,8a-octahydronaph1halene to polymerized units from ethylene is trom 3:97 to 95:5, and the mole ratio 
ol polymerized units from the at least one alpha-olefin and/or cycloolefin to the polymerized units from the 
1 ,4,5,8-dimethano-1 ,2,3,4 t 4a,5,6.8a«x:tahydrc*iaphthaJene is from 95:5 to 20:80. 

20 

The present invention also provides a process for producing a transparent random copolymer as defined above 
which comprises copolymerizing a monomer mixture comprising ethylene and at least one 1,4,5,8-dimethano- 
1 2,3,4,4a,5 t B,8a-cctahydronaphthalene of the formula (1) in a hydrocarbon medium under a pressure of up to 4.9 
MPa (0 to 50 kg/cm 2 ) in the presence of a catalyst formed from a vanadium compound and an organoaluminum com- 
26 pound which are soluble in the hydrocarbon medium. 

The present invention further provides shaped articles of a transparent random copolymer as defined above. 

The 1 4 # 5 ( 8-dimethano-1.2,3.4,4a,5 t 8 t 8a-octahydronaphthalene. i.e. a tetracyclo(6.2 f l ( 1 3 . 6 ,02.7)^-<*odecene ( 
used in this invention is represented by the above formula (1). In formula (1), R, and R^re identical or different and 
each represents a hydrogen atom, a halogen atom or an alkyl group, or R, and Rj are bonded to each other to form 
30 a trimethylene group or a group of the following formula 



wherein R 3 and R 4 are identical or different and each represents a hydrogen atom, a halogen atom or an alkyl group. 

Examples of the halogen atom for R t to R4 are fluorine, chlorine and bromine. The alfcyl group for R, to R 4 may be 
linear or branched, and preferably has 1 to 20 carbon atoms, particularly 1 to 10 carbon atoms. Examples of the alkyl 
40 group include methyl, ethyl, n-propyl, iso-propyi. n-butyl, iso-butyl. sec-butyl, t-butyl. pentyl. hexyl. heptyl. octyl. nonyl 
and decyl. 

Examples of the l l 4 l 5 ( 8-dimemano1 ( 2.3,4,4a,5,8 l BaK>ctahydronaphthaleneol formula (1) include 

1 ,4,5,B-dimethano-1 .^SAAa.S.e.Sa-octahydrcnaphthalene, 
45 2-methyM t 4.5,8-dimelhano-1 ,2.3,4,4a.5,8,6a^tahydronaphthalene. 

2-ethyM ,4,5,8-dimethano-l ,2,3,4, 4a ( 5 t 8,8a-c«tahydronaphthatene, 

2-propyM ,4,5,8-dimethano-l ,2.3 ( 4 f 4a,5,B ( 8a-octahydronaphthalene, 

2-hexyl-1 ,4,5.6 -dimethano-1 ,2.3,4,4a ( 5,8,8a-octahyo*onaphthalene, 

2-stearyl-1 f 4,5,8KJimethano-1 .2.3,4. 4a,5.B t 8a-octahydronaphthalene, 
so 2-decyl-l ,4.5,8-dimethano-l ,2,3A4a,5.B.Ba<>c*ahydronaphthalene, 

2,3-dimethyM ,4,5.8-dimethano-t ,2,3A4a,5,B,8a-octahydronaphthaiene, 

2 t 3^imethyl-3-ethylO,4 t 5,8KJimethano0.2.3,4.4a.5.B,Ba<K;tahydrc)naphthalene, 

2-methyl-3-ethyl-1 ,4,5,8-dimethano-l ,2,3 ( 4.4a,5.B t 8a-octahydronaphthalene, 

2-chtoro-1 ,4,5,8-dimethano-l ( 2,3,4,4a t 5,8,Ba-cctahydronaphthalene. 
ss 2-bromo-1 ,4,5.8-dimethano-l ( 2.3,4,4a,5.B.8a-octahydronaphthalene. 

2-f luoro-1 ,4,5,B-<Jimethanc-1 ,2,3,4.4a,5,8.8a-octahydronephthalene. 

2-cyclc5hexyl-V4 l 5 t 8<limethano-l,2.3 l 4 ( 4a ? 5.e i 8a-^tahydronaphlhalene, 

2-isobirtyl-t ,4,5,8-dimethano-l ^.S.A^.S.e.Sa-octahydronaphthalene, 
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2,3-dichlc>ro-1.4,5,B-dimethano-1 ,2,3,4,4a, 5, 8,8a-octahydronaphthalene p 

l2^ihyl-hoxacyctot6.6J t 1 3 ' 6 ^ 10 ' 13 .0 2 ' 7 .0 9 ' U ] he P ted9COn °- 4 * 
1 2-methyl-hexacyclo[6,6, 1 , 1 3 * 1 1 <^0* 7 ( 0«. 1 >ept«Jecene^, 
1 2-isobiityl-hexacylo[6,6. 1 , 1 M t 1 O*- 7 0 9U )heptadecene-4. 
s hoxacyclo(6,6 t 1,l 3 ' 6 t 1 lo * 13 ,02. 7 ( 0 9 *» 4 ]hepladecene-4. and 

pentacylo[6,5.l ,1 3**,0 2 ' 7 0 9 . 13 lpentadecene-4. 

These 1 ( 4,5,8-dimelhano-1 ( 2,3,4.4a,5,B,8a-octahydronaphthalenes may be used singly or in combination. 

Among the compounds of formula (1 ). those in which at least one of R, and R 2 is an alkyl group, especially having 
10 1 to 10 carbon atoms, above all 1 to 5 carbon atoms, or R, and r\ are bonded together to form a trimethylene group 
or a group of the formula 

x 

wherein R 3 and R 4 are as defined above, and preferably represent an alkyl group having an alkyl group with 
1 to 1 0 carbon atoms, especially 1 to 5 carbon atoms, 
are preferred. 

20 The compound of formula (1) can be produced, for example, by subjecting the corresponding nortoornene and 

cyclopentadiene to the Diets-Alder reaction. 

According to the process of this invention, the 1 ^.S.e^imethano-I^.S^^a^S.e.Ba-octahydronaphthalene of lor- 
mula (1) is copolymerized with ethylene in a hydrocarbon solvent in the presence of a catalyst. 

The catalyst used is one formed from a vanadium compound and an organoaluminum compound which are soluble 

2S in the hydrocarbon solvent used. 

Suitable vanadium compounds include vanadium halides such as VCU. VBr 4 , VCfe and VBr 3 ; vanadium oxyhalides 
such as VOCI 3 , VOBr 3 , VOCI 2 and VOBr 2 ; and vanadium compounds of the formula VO^R^X^ wherein R represents 
a hydrocarbon group, X represents a halogen atom, and n is a number represented by 0<nS3. Of thase, hydrocarbon- 
soluble vanadium compounds, particularly the vanadium oxyhalides and tho compounds of the formula VO 

30 (OR^X^are preferred. In the compounds of the formula VOtOR),^, R is an aliphatic, alicycltc or aromatic hydro- 
carboV g?oup, preferably an aliphatic hydrocrbort group with 1 to 20, preferably 1 to 5, especially preferably 1 to 3, 
carbon atoms. The number n is 0<n£3, preferably l£n£1.5. Specific examples of these vanadium compounds are 
VO(OCH 3 )CI 2 . VO(OCH 3 ) 2 CI. VO(OCH 3 ) 3 , VO(OC 2 H 5 )CI 2 . VOJOG 8 HU,.«eiij. VOfOCgHgkCI, VO{OC 2 H fi ) 3 , VO 
(OC 2 H fi ) 15 Br 1j6 , VO(OC 3 H 7 )CI 2 . VCXOCgHy), , 5 Cl t . 6 , VO(OC 3 H 7 ) 2 CI. VO(OC 3 H 7 b. VO(0 n-C^Cfe, VO(0 n- 

3S C 4 H g ) 2 CI, VO(0 lso-C 4 H 9 ) 2 CI, VO(0 sec-C^fe. and VOtOCjH,,), j;CI 1>6 . Mixtures of these may also be used. These 
vanadium compounds can easily be obtained by. for example, reading VOCI3 with alcohols, or VOCIg with VO(OR) 3 . 

Suitable organoaluminum compounds used together with the vanadium compounds are compounds represented 
by the general formula R^AIX 1 ^ wherein R' represents a hydrocarbon group, preferably an aliphatic, aromatic or 
alicyclic hydrocarbon group having 1 to 20 carbon atoms, especially 1 to 10 carbon atoms, X f represents a halogen 

40 atom, especially fluorine, chlorine or bromine, and m is a number represented by 0<mS3. Halogen-containing orga- 
noaluminum compounds of the above formula in which m has an average value represented by 1^m^2. particularly 
S.2SmSl.B, are preferred. Specific examples of these organoaluminum compounds are trialkyl aluminums such as 
triethyl aluminum, triisopropyl aluminum, triisobutyl aluminum, tri(n-propyl) aluminum and tri(n-butyt) alumhum; dialkyl 
aluminum monohalides such as diethyl aluminum monochkxide, diethyl aluminum monobromide. diisopropy I aluminum 

46 monochlortde, dllsopropyl aluminum monobromide, di(n-propyl) aluminum monochloride, di(isobutyl) aluminum mon- 
ochloride, di(n-butyl) aluminum monochloride, di(sec-butyt) aluminum monochloride. di(n-pentyl) aluminum monochlo- 
ride and dioctyl aluminum monochloride; alkyl aluminum sesquihalides such as ethyl aluminum sesquichloride, iso- 
propyl aluminum sesquichloride, n-propyl aluminum sesquichloride, n-butyl aluminum sesquichloride, n-pentyl alumi- 
num sesquichloride and n-octy! aluminum sssquichtoride; and alky! aluminum dihalsdas such as ethyl aluminum dichto- 

50 ride, ethyl aluminum dibromlde, isopropyl aluminum dlchtoride, Isopropyl aluminum dibromlde, n-propyl aluminum 
dichloride, n-propyl aluminum dibromide, n-butyl aluminum dichloride, Isobutyl aluminum dichloride, sec-butyl alumi- 
num dichlohde, n-pentyl aluminum dichloride and rvoctyl aluminum dichloride. Mixtures of ihese may also be used. 

The ratio of the organoaluminum compound to the vanadium compound, in terms of the mole ratio of Al to V, is at 
least 1 , preferably not more than 30, especially preferably from 2 to 20. 

55 The copor/mertzatlon is carried out In a hydrocarbon solvent. Examples ot the solvent Include aliphatic hydrocar- 

bons having 5 to 15 carbon atoms such as pentane. hexane. heptane, octane and kerosene; alieycfic hydrocarbons 
having S to 15 carbon atoms such as cyclopentane and cyclohexane; and aromatic hydrocarbons having 6 to 15 carbon 
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atoms such as benzene, toluene and xylene. These solvents may be used singly or in combination. 

Preferably, the copolymerization is carried out such that the concentration of the vanadium compound in the re- 
action medium is from 0.05 to 20 millimoles/llter, preferably 0. Uo 10 miilimoles/liter. The organoaluminum compounds 
is used in such a concentration that the AW mole ratio becomes at least 1 , preferably not more than 30. especially 

S preferably from 2 to 20. 

The ratio of ethylene to the compound of formula ( 1 ) varies according to the composition of the desired copolymer, 
the type of the reaction medium, the polymerization temperature, etc. Generally, the mole ratio of ethylene to the 
compound of formula (1) Is adjusted to 100:1 to 1:100, preferably 50:1 to 1:50. 

The polymerization temperature is from -50 to 100*0, preferably from 30 to 80 # C. The polymerization pressure is 
to maintained at 0 to 4.9 MPa (0 to 50 kg/cm*), preferably at 0 to 1 .0 MPa (0 to 20 kg/cm*). The molecular weight of the 
polymer may be controlled by using a molecular controlling agent such as hydrogen as required. 

As a result, the process of this invention gives the random copolymer of this invention in which the mole ratio of 
polymerized units from the 1,4,5 ( e-dimethano-1,2 f 3,4 ( 4a,5 ( e,8a-octahydronaphthalene of formula (1) to polymerized 
units from ethylene (measured by «C-NMR analysis) is in the range of from 3:97 to 95:5. Preferably, the above mole 
is ratio is from 5:95 to 80:20, more preferably from 10:90 to 80:20. 

* The compound of formula (1 ) Is incorporated Into the chain of the random copolymer of the Invention as polymerized 
units of the following formula (2) 



20 



4£ 



wherein R, and R 2 are as defined hereinabove. The random copolymers ol the invention, therefore, have an iodine 
number of usually not more than 5, and most of them have an iodine number of not more than 2. The random copolymers 

2S ol this invention have an intrinsic viscosity foj, measured in decalin at 135-C, of preferably 0.005 to 20 dl/g. more 
preferably 0.01 to 15 dl/g. especially preferably 0.05 to 10 dl/g. 

The novel random copolymers of this invention are generally amorphous or of bw crystallinity. Preferably, they are 
amorphous. Accordingly, they have good transparency. Generally, these copolymers have a crystallinity, determned 
by X-ray diffraction, of not more than 40%, preferably not more than 25%. 

30 The copolymer of the invention has a melting point, determined by a differential scanning calorimeter (DSC), of 

not mora than 135°C, preferably not more than 128»C. 

The superior heat resistance of the novel random copolymer of this invention can also be substantiated by its high 
glass transition temperature. Specifically, the novel random copolymer of the invention has a glass transition temper- 
ature (Tg), measured by a dynamic mechanical analyzer, of at least 25°C, preferably 30 to 220'C, more preferably 80 

35 to 200*C. 

The random copolymer of this invention has a density, determined by Ihe density gradient tube method in accord- 
ance with ASTM 01505. of usually at least about 0.86 a/cm 3 , preferably 0.94 to 1.30 p/cm 3 , especially preferably 0.96 

to 1.10 g/cm 3 . > . ■ 

The random copolymer of this invention also has excellent electrical properties, and for example, has a dielectnc 

40 constant, measured at 1 KHz, of 1 .5 to 4.0, above all 1 .7 to 2.6. 

4 Novel random copolymers of this invention in which the mole ratio of the polymerized units from the 1 ,4.5.8-dimeth- 
ano-1 ( 2.3.4,4a.5,8,ea-octahydronaphthalene to the polymerized units from ethylene is from 10:90 to 90:1 0. preferably 
from 15:B5 to 80:20 (measured by 13 C-NMR analysis), and which have an intrinsic viscosity, measured in decalin at 
1 35* C of 0 3 to 1 5 dl/g, preferably 0.5 to 1 0 dl/g, a crystallintty, determined by X-ray diffraction, of not more than 25%, 
preferably not more than 10%. and a molting point, measured by a differential scanning calorimeter, of not more than 
1 28 e C preferably not more than 1 00 # C. and a glass transition temperature measured by a dynamic mechanical ana- 
lyzer (DMA) made by Du Pont of at least 80*C, prelerably 100 to 220»C. have excellent transparency, processabilrty, 
heat resistance, heat aging resistance, chemical and solvent resistance, dielectric properties and mechanical properties 
such a« rigidit* Accordingly, these copolymers can be used as a transparent resin in various fields including an optica! 
50 field as optical lenses, optical disks, optical fibers and window-panes, an electrical field as water tanks for electric Irons, 
articles used tor electronic ovens, substrates for liquid crystal display, substrates for printed circuit boards, substrates 
for high frequency circuits, and transparent electrically conductive sheets or films, medical and chemical fields as 
injection syringes, pipettes and animal gauges, and in other fields as camera bodies, housings of various measuring 
instruments, films, sheets and helmets. 
55 Novel random copolymers of this Invention In which the mole ratio of the polymerized units from the 1 ,4.5.8-dlmeth- 

ano-1 2 3 4 4a 5 B.Ba-octahydronaphthalene to the polymerized units Irom ethylene is from 10:90 to 90:10. preferably 
from 15*85 to 80 20 (measured by 13 C-NMR analysis), and which have an intrinsic viscosity, measured in decalm at 
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1 35° C, of 0.005 to 0 3 dl/g, preferably 0.01 to 0.3 dUg, especially preferably 0.05 to 0.2 oVg, a crystallinity, determined 
by X-ray diffraction, of not more than 25%, prelerabty not more than 10%, a melting point, measured by a differential 
scanning calorimeter, of not more than 1 28° C, preferably not more than 1 00*C, a glass transition temperature measured 
by a dynamic mechanical analyzer (DMA) made by Du Pont of at leasl 80° C, preferably 100 to 220° C. and a viscosity 

s at 2B0"C of 100 to 2 x 10 6 centipoises, preferably 100 to 2 x 10*centipoi$es are of relatively low molecular weight and 
have excellent transparency, heat resistance, heat aging resistance, dielectric properties and chemical and solvent 
resistance. Hence, they are useful as synthetic waxes in various applications. For example, these low-molecular-weight 
random copolymers of the invention can find extensive use as candles, impregnating agents for matchwood, paper 
processing agents, sizing agents, rubber antioxidants, waterproofing agents lor cardboards, retarders tor chemical 

"> fertilizers, heat accumulating agents, ceramic binders, electric insulations for paper condensers and electric wires and 
cables, neutron decelerating agents, textile processing aids, water-repelling agents for building materials, protecting 
a gents for coatings, calendering agents, thixotropy imparting agents, hardness imparting agents for the cores of pencils 
and crayons, substrates for carbon ink, electrophotographic toners, lubricants for molding of synthetic resins, mold 
mold releasing agents, resin coloring agents, hot-melt adhesives, and lubricating greases. 

4 Novel random copolymers of the invention in which the mole rat to of the polymerized units from the 1,4,5.8-dimeth- 
ano-I^SAAa.S.e.ea-octahydronaphthalene to the polymerized unit from ethylene is from 3:97 to 2O:B0 t preferably 
from 5:95 to 10:90 (measured by 13 C-NMR analysis), and which have an intrinsic viscosity, measured in dscalin at 
1 35°C, of 0.3 to 20 dl/g. preferably 1 .0 to 20 dl/g, especially preferably 2 to 15 dl/g, a crystallinity, determined by X-ray 
diffraction, of not more than 10%, preferably not more than 5%, a melting point, measured by a differential scanning 
so calorimeter of not more than 12B°C, preferably not more than 100°C, and a glass transition temperature by DMA of 
25 to 100°C, preferably 30 to 80°C, have excellent shape memorizing property and antivlbration property in addition 
to excellent transparency, heat resistance, chemical and solvent resistance, electrical properties, optical properties 
and rnoldability, and show leather properties. Accordingly, they are uselul as shape memorizing polymers and antivi- 
bration material. 

25 it should be understood that the term •cycloolefln* as used in the proviso in the present specification broadly 

Includes not only cycloolef Ins In the ordinary sense of the word, but also styrene and styrene derivatives and unsaturated 
polycyclic hydrocarbon compounds. Specific examples of the cycloolefins include cyclobutene, cyclopentene, cy- 
clohexene, 3,4-dlmethylcyctopentene. 3-methylcyclohexene. 2-<2-methy1butyl)-1-cyclohexene, styrene, alpha-methyl- 
sty rene, norbomene, methylnorbomene, ethylnorbomene, isobutylnorbornene, 2.3,3a,7a-tetrahydro-4 l 7-methano-1H- 

30 indene and 3a,5»6,7a-tetrahydro-4,7-methano-1 H-indene, for example cyclootefins having a norbornene ring, such as 
norbomene, s-meihyl-2-norbomene, 5-ethyl-2-norbornene, and 5-isobutyl-2-norbomene. 

!n view of the properties of the final random copolymer, the use of the catalyst composed of a vanadium compound 
and an organoaluminum compound is preferred in this invention. If desired, however, the vanadium compound in the 
catalyst may be replaced by a titanium or zirconium compound. 

36 The random copolymers of this invention may be molded by known methods. For example, they can be extrusion- 

molded, Injection-molded, blow-molded, or rotationally molded by using, for example, a vent-type extruder, a twin- 
screw extruder, a conical twin-screw extruder, a Cokneader, a plasticator, a mrxtruder, a twin conical screw extruder, 
a planetary screw exrtruder, a gear-type extruder or a screwiess extruder. In the molding process, known additives 
such as heat stabilizers, light stabilizers, antistatic agents, slip agents, anti-blocking agent6, antihaze agents, lubricants. 

40 inorganic and organic fillers, dyes and pigments may be used as required. 

Phenolic or sulfur-type antioxidants may be cited as examples of such additives. The phenolic antioxidants include, 
for example, phenols such as 2,6-dl-tert butyl-p<resol, stearyl (3.3,-dimethyl-4-hydroxybenzyl)thioglycofate, stearyt 
beta-(4-hydroxy-3,5-di-tert-butylphenoi)propionate i distearyl 3,5-dMert-butyl-4-hydroxybenzyl phosphate, 2.4,6-tris 
(S'.S'-di-tert-butyM'-hydroxybenzylthiohl.S.S-triazine. distearyl (4-hydroxy-3-rnethyl-5-tert-butylbenzyl)malonate, 

45 2,2 , -melhylenebis(4-methyl-6-tert-butytphenol), 4,4 4 -methylenebis(2,6-dMert-butylphenol), 2,2'-methylenebis[6-(l- 
melhyicyclohexyOp-cresol], bis[3,5-bis{4-hydroxy-3-tert-bulylphenyl)butyric acid] glycol ester, 4,4 , -butylidenebis(6-tert- 
butyl-m-cresol). 1 .1 ,3-tris(2-methyM-hydrc»(y-5-ter1-butylphenyl)butene. bis[2-tert-butyl-4-methyl-6-(2-hydroxy-3-tert- 
butyl-5-methyfcenzyl)phenyl] terephthalate, 1,3,5-tris(2.6-di-methyl-3-hydroxy-4-tert-butyl)benzyl isoeyanurate, 
1 ( 3,5Hris(3,5-di4ert-buryl-4-hydroxybenzyl)-2.4 t 6-tri 

50 phenyl) preplcnatejmsthar.e, 1 ; 3,5-tris{3,S-di-tert-butyl-4-hydroxybenzyi) isoeyanurate, 1.3,S-tris|(3,5-di-tert-butyl- 

4- hydroxyphenyl)propionytaxyethyl] isoeyanurate, 2-octylthio-4,6-di(4-hydroxy-3,5-dMert-butyl)phenoxy-l ,3,5-tri- 
azine and 4,4'-thiobis(6-tert-butyl-rn-cresol); and potyhydric phenol/carbonic acid oligoesters such as carbonic acid 
otigoesters (for example, having a degree of polymerization of 2, 3, 4, 5, G, 7, 8, 9, 10) of 4,4 , -butylidenebis(2-tert-butyl- 

5- methylphenol). 

55 Examples of the sulfur-type antioxidant include dialkyl thiodipropionates such as dilauryl, dimyristyl or distearyl 

thiodipropionate, and esters (such as penlaerythritol tetralaurylthiopropk>nate)formed between alkyithiopropionic acids 
such as butyl*, octyk lauryl- or stearylthiopropionic acid and potyhydric alcohols (such as glycerol, trimethylolethans, 
trimethylolpropane, pentarylhrtol or tris-hydroxyethyl diisocyanurate). 
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Phosphorous-containing compounds may also be incorporated. Examples include triocty I phosphite, trilaury I phos- 
phite, tridecyf phosphite, octyldiphenyl phosphite. tris(2.4-di-tert-butylphenyl) phosphite, triphenyl phosphite. tris(bu- 
toxyethyl) phosphite, tris(nonytpnenyt) phosphite, distearyl pentaerythritol diphosphate. tetra-(tridecyl)-1,1 ,3-tris(2-me- 
thyl-5-tert-butyl-4-hydroxyphenyl)butane diphosphite, tetra(C 12 -C 15 mixed alkylM^'-isopropylidenediphenyl diphos- 
5 phito, tetra(tridecyl)-4,4'-butyiidenebis(3-mothyl-6-tert-butylpheool) diphosphite, tris(3,5-di-1ert-butyl-4-hydroxyphenyl) 
phosphite, tris(rnono-dl-mixed nonylphenyl) phosphite, hydrogenated 4,4'-lsopropylidene diphenol polyphosphtte, bis 
(octylphenyl).bts(4,4 , -butylidenebis(a-methyl-6-tert- b uty (phenol)]. 1 ,6-hexanediol diphosphite, phenyl-4,4Msopropyltd- 
enediphenol-pentaerythritol diphosphite, bis-(2,4-di-teri-butylphenyl)pentaerythrrtol diphosphite, bis(2,S-di-tert-butyl- 
4-methylphenyl)pentaerythritol diphosphite, tris[4,4Msopropylidenebis(2-tert-butylphenol)] phosphite, phenyldiiso- 
10 decyl phosphite, di(nonylphenyl)-pentaerythritol diphosphite, tris(1,3-di-6tearoyloxyisopropyl) phosphite, 4,4-isopro- 
py lidenebis(2-tert-buty Iphenol)-di(nonylphenyl) phosphite, 9, 1 0-dihydro-9-oxa-l 0-phosphaphenanthrene-1 0-oxkte, 
and tetrakts(2,4-dMen-outy)phenyl)-4,4 l -b}phenylene diphosphonite. 

There can also be used 6-hydroxycoumarone derivatives such as alpha-, beta-, gamma- and deria-tocopherols 
and mixtures thereof, a 2,5-dimethyl-substitution product 2.5,8-trirnelhyl-substitutad product or 2.5,7,8-tetramethyl- 
is ^substituted product of 2-(4-methyt-pent-3-eny)-6-hydroxycoumarone, 2, 2,7-lrimethy l-S -ter1-butyl-£-hydroxycou mar- 
one, 2 r 2,5-trimethyl-7-tert-buTyl*6-hydroxycoumarone, 2,2 ( 5-trlmethy^6-tert-butyl-6-hydroxycoomarone, and 2,2-dl- 
methyl-5-tert-buty^6-hydroxycoumarone. 

It is also possible to incorporate a compound represented by the general formula 

M x Al y (OH) at ^. 2l {A) r aH 2 0 

20 wherein M represents Mg, CA or Zn, A is an anion other than a hydroxy I anion, x t y and z are positive numbers, and 
a represents 0 or a positive number. 
Examples of the compounds of the above formula are 

** MgeAyOHfeoCCVSHjO. 

Mg 6 AI 2 (OH) 14 CCV4H 2 0, 

MgioAbtOHlaa^Oa^HaO, 

Mg 6 Ai a (OH) 1s HP044HaO. 

Ca 6 Al2(OH) 16 CO r 4H 2 0, 
30 Zn 6 AI 2 (OH) |6 C0 3 .4H20, 

Zn 6 A( 2 {OH) 1 6S0 4 .4H 2 0 1 

Mg 6 A( 2 (OH) l6 SCV4H 2 C, and 

Mg 6 AI 2 (OH) 12 C0 3 .3H 2 0. 

36 There may also be added an antioxidant having a 2-benzofuranone skeleton, such as 3-phenyl-2-ben2ofuranone 

and 3-phenyl-4,6-di-t-butyl-2-benzofuranone as disclosed in the specification of Japanese LaidOpen Patent Pubfeca- 
tion No. 501,181/1980. 

Examples of the light stabilizers include hydroxybenzophenones such as 2-hydroxy-4-methoxybenzophenone, 
2-hydroxy-4-n-octoxybenzophenone, 2 l 2'-dihydroxy-4-methoxybenzophenone and2.4-dihydroxybenzophenone; ben- 

40 *zotriazoles such as 2-(2'-hydroxy-3 , -tert-bulyl-5 # -methylphenyl)-5-chlorobenzotr»azole. 2-(2 , -hydroxy-3\5 , -di-tert-butyl- 
phenyl)-5-chlorobenzotriazole, 2-(2*-hydroxy-5*-methylphenyl)benzotriazole and 2-(2 , -hydraxy-3\5 , -di-tert-amytphe- 
nyl)benzotriazole; benzoates such as phenyl salicylate, p-tert-butylphenyl salicylate, 2,4<Mert-butylphenyl-3,5-dMert- 
butyl-4-hydroxybenzoate and hexadecyl-3 ( 5-di-tert-butyl-4-hydroxybenzoate; nickel compounds such as 2,2*-thiobrs 
(4-terl-octylphenol) nickel salt, [2,2*-thiobis(44ert-octylphenolate)]-n-butylamine nickel salt and (3,5-di-tert-butyl-4-hy- 

46 droxybenzyl)phosphonic acid monoethyl ester nickel salt; substituted acrylonrtrlles such as methyl atpha<yano-beta- 
methyl-beta-(p-methoxyphenyl)-acrylate; oxalic acid dianiiides such as N'-2-ethy1phenyl-N-ethoxy-5-tert-butylphenyl 
oxalic acid diamide and N*2-ethylphenyl-N > -2-ethoxyphenyt oxalic acid diamide; and hindered amine compounds such 
as bis(2 t 2,6,6-tetramethyl-4-piperidine)sebacate, poly[(6-(1,1 ,3,3-tetramethybutyl)imino)-1 ,3,5-triazine-2,4-dry1 4- 
(2.2,6,6-tetramethylpiperidyl)imino)hexamethylene] and a condensation product of dimethyl succinate and 2-(4-hy- 

50 drcxy*2,2,6,S-tatrarnethyM -p!paridyl)othanoi. 

Examples of the lubricants include aliphatic hydrocarbons such as paraffin wax. polyethylene wax and polypro- 
pylene wax; higher fatty acids such as capric acid, lauric acid, myristic acid, palmitic acid, margaric acid, stearic acid, 
arachidic acid and behenic acid; metal salts of higher fatty acids such as lithium, calcium, sodium, magnesium and 
potassium salts of the above-exemplified fatty acids; aliphatic alcohols such as paJmityl alcohol, cetyl alcohol and 

55 stearyl alcohol; aliphatic amides such as caproic amide, caprylic amide, capric amide, lauric amide, myristic amide, 
palmitic amide and stearic amide; esters formed between fatty acids and alcohols; and fluorine compounds such as 
fJuoroalkylcarboxylic acids metal salts thereof, and metal salts of fluofoalkylsuffonic acids. 



8 



4 



01/22/01 11:20 REEDFAX + 312 554 3301 



NO. 272 P010/029 



BP 0 562 355 B1 

Examples of the fillers include inorganic or organic fibrous filters such as glass fibers, silver- or aluminum-coated 
glass fibers, stainless steel fibers, aluminum fibers, potassium trtanate fibers, carbon fibers, whiskers, Kevlar® fibers 
and superhigh elastic polyethylene fibers; and inorganic or organic powdery, granular or flaky fiHers such as talc, calcium 
carbonate, magnesium hydroxide, calcium oxide, magnesium sulfate, graphite, nickel powder, silver powder, copper 
5 powder, carbon black, silver-coated glass beads, aluminum-coated glass beads, aluminum flakes, stainless eteel flakes 
and nickel-coated graphite. 

The novel random copolymers of this invention may be used as a blend wtth various known polymers. Examples 
of such known polymers are shown below. 

to (A) Polymers derived from hydrocarbons having 1 or 2 unsaturated bonds 

Polyolefin6, such as polyethylene, polypropylene, polyisobutylene, pofy(methylbutene-l), poly(4-methylpen- 
tene-1), poly(butene-l), potylsorpene, potybutadiene and polystyrene, or crossllnked products thereof. 

Copolymers of the monomers constituting the above polymers with each other, such as ethylene/propylene 
* copolymer, propylene/butene-1 copolymer, p ropy lene/isobutylene copolymer, styrene/isobutylene copolymer, sty- 
f£ rene/buladian© copolymer, terpolymers of ethylene, propylene and dienee euch as hexadiene, btcyclopentadiene 

and 5-elhylldene-2-norbornene, and terpolymers of ethylene, butene-1 anddlenes such as hexadiene, dicyclopen- 
tadlene and S-ethylidene-2-norbome. 

Blends, grafted polymers, and block copolymers of these polymers may also be cited. 

(B) Halogen-containing vinyl polymers 

20 Polyvinyl chloride, polyvinylidene chloride, polyvinyl fluoride, polychloroprene, and chlorinated rubbers. 

(C) Polymers derived from alpha,beta-unsaturated carboxyllc acids or the derivatives thereof 
Polyacrytats, polymethacrytatet potyacrylamsds, and polyacrylonttrile. 

Copolymers of the monomers constituting the above-exemplified polymers with other copotymerizable mon- 
omers, such as acrylonitrile/butadiene/styrene copolymer, acrytonitrile/styrene copolymer, and acryionrt rile/sty - 
2S rene/acrylate copolymer. 

(0) Polymers derived from unsaturated alcohols, amines, acyl derivatives thereof, or acetals 

Polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl butyral, 
polyallyl phthalate and poryallylmelamine. 

Copolymers of the monomers consuming the above-exemplified polymers with other copotymerizable mon- 
30 omers, such as ethylene/vinyl acetate copolymer. 

(E) Polymers derived from epoxides 

Polyethylene oxide and polymer derived from bisgrycidyi ether. 

(F) Polyacetals 

Potyoxymethylene, polyoxyethylene, and pofyoxymethylene containing ethylene oxide. 
3S (G) Polyphenylene oxide 

(H) polycarbonate 

(1) Polysutfone 

(J) Potyurethane and urea resins 
4 (K) Potyamides and copolyamides derived from diamines and dicarboxylic acids and/or aminocarboxylic acids or 
40 the corresponding lactams 

Nylon 6, nylon 66, nylon 11 , and nylon 12. 
(L) Polyamtde-potyethers 

(M) Polyesters derived from dicarboxylic acids and diatcohols and/or hydroxyearboxylic acids or the corresponding 
lactones 

45 Polyethylene terephthalate, porybutylene terephthalate and pory(1 ,4-dimethylolcyctohexane terephthalate). 

(N) Crossllnked polymers derived from aldehydes and phenols, urea or melamine 

Phenol/formaldehyde resin, urea/formaldehyde resin, and melamine/lormaldehyde resin. 
(O) Alkyd reaine 

Glycertn/phthalie actd resin. 

so (P) Unsaturated polyester resins derived from copoiyesters of saturated and unsaturated dicarboxylic acids and 

polyhydric alcohols using vinyl compounds as crosslinking agents, and halogen-containing modified resins thereof. 
(Q) Natural polymers 

Cellulose, rubber and protein, or derivatives thereof, such as cellulose acetate, cellulose propionate, cellulose 
55 acetate and cellulose ether. 

When the copolymers of this invention are used as synthetic waxes, they may, of course, be mixed with various 
known waxes. 

The random copolymers of this invention may be used as a blend with each other. 



9 

4 



01/22/01 11:21 REEDFAX 312 554 3301 



NO. 272 P01 1/029 



EP 0 562 355 B1 

The toll owing Examples further illustrate the present invention In more detail. 
EXAMPLE 1 

s A thorougfy dried 3-liter separable llask was fitted with a stirring vane, a gas blowing inlet tube, a thermometer and 

a dropping funnel, and thoroughly purged with nitrogen. 

One titer of toluene dehydrated and dried by molecular sieve was put into the flask. 

While nitrogen was passed through the flask, 2 miilimoles of dichioroethoxyoxovanadium and 30 g of 2-methyl- 
1,4,5,8-dimethano-1,2.3,4.4a,5,8 v 8a-octahydronaphthalene (to be abbreviated DMON hereinafter) were introduced 
10 into the flask, and 20 miilimoles of ethyl aluminum sesquichloride, into the dropping tunnel. 

A gaseous mixture of dry ethylene (40 liters/hr) and nitrogen (150 llters/hr) was passed through the flask kept at 
1 0° C for 10 minutes through the gas blowing inlet tube. 
4 The copolymer ization reaction was started by adding ethyl aluminum sesquichloride from the dropping funnel, and 
carried out at 10°C for 30 minutes while passing the above gaseous mixture. 
is The solution during the coporymerization reaction was uniform and transparent, and no precipitation of the copol- 

ymer was observed. 

Methanol (10 ml) was added to the polymer solution to stop the copolymerization reaction. 

After the stopping of the reaction, the polymer solution was poured into a large amount of methanol to precipitate 
the resulting copolymer. The precipitate was washed with methanol and with acetone, dried in vacuo for one day at 
20 60°C to obtain 35 g of the copolymer. 

The copolymer had an ethylene content, measured by 13 C-NMR analysis, of 60mole%, an intrinsic viscosity, meas- 
ured in decalin at 135°C, of 1 .9, and an iodine number of 1 .0. 

To measure its dynamical properties, the copolymer was molded into sheets having a thickness of 1 and 2 mm by 
a hot press at 230° C. X-ray diffraction analysis of these sheets shows that no scattering by crystals was observed, 
zs and the sheets had a crystaliinity (W°) of 0%. Transparency was measured on the 1 mm-thick sheet by a haze meter 
In accordance with ASTM 01003-52, and found to be 10%. FlexuraJ modulus and flexural yield strength were measured 
on the 2 mm-thick press sheet in accordance with ASTM D790, and were found to be 2.2 x 10 4 kg/cm 2 and 730 kg/cm 2 , 
respectively. The glass transition temperature Tg was found to be 130°C by measuring the loss modulus E" at a tem- 
perature elevating rate of 5°C/min. by a Dynamic Mechanical Analyzer made by Du Pont and determining Tg from its 
so peak temperature. To determine the melting point 7m, the sample was heated at a rate of 10°C/min. in the range of • 
1 20 to 400* C by DSC (990 type made by Du Pont). The melting curve (peak) was not observed. 

The dielectric constant and dielectric tangent (tan 6) of the sample, measured at 1 KHz by a dielectric loss meas- 
uring device made by Ando Electric Co., Ltd., were 1 .9 and 9.1 x 10"^, respectively. 

To examine the chemical resistance of the sample, the press-formed sheet was immersed at room temperature 
35 in sulfuric acid (97%), aqueous ammonia (20%), acetone, and ethyt acetate for 20 hours, and then its appearance was 
observed. There was no change in color, reduction In transparency, deformation, dissolution, nor cracking. 

Table 3 given below shows the heat decomposition temperature, dielectric constant and density of the co-polymer 

obtained in this example, 
ft 

4Q EXAMPLES 2-10 

The coporymerization reaction conditions were changed as shown in Table 1 . Otherwise, the same operation as 
in Example 1 was performed. The conditions and the results are shown in Tables 1 to 3. 

45 EXAMPLES 11-12 AND COMPARATIVE EXAMPLE 1 

Example 1 was repeated except that a 500 ml flask was used instead of the 3-liter flask, the amount of toluene 
was changed from 1 titer to 250 ml, and the flow rate of N2 was changed from 160 liters/hr to 40 liters/hr The results 
are shown in Tables 1 to 3. 

so 
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Table 1 



Example 


Catalyst 


DMON (g) 


Ethylene gas 
(itot) 


Polymerization 
temperature 
CC) 


Amount of the 
copolymer 
yielded (g) 


(mmoles) 


(mmoles) 




2 


20 


301) 


AT) 


iw 


<99 


2 


2 


20 










3 


2 


20 


3on 


30 


10 


32 


4 


5 


50 


40 


100 


10 


45 
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5 


50 


40 


40 


10 


38 
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0.5 
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30 


20 


10 


16 
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0.5 
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30 


50 


10 


33 
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20 


302) 


40 


10 


32 


9 


2 


20 


303) 


40 


10 


37 


10 


2 


20 


30*> 


40 


10 


36 


11 


0.125 


1.25 


2.5 


40 


20 


7.0 


12 


0.125 


1.25 


2.2 


40 


20 


6.5 


Comp. Ex.1 
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Table 3 



Example 


Heat decomposition temperature by TG A(*C) 


Dielectric constant (1 KHz) 


Density (g/cm 3 ) 


1 


380 


1.9 


1.021 


2 


377 


2.0 


1.027 


3 


390 


2.1 


1.024 



Continuation of the Table i 
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Table 3 (continued) 



4 



example 


Moat r4or*rtmr\neitinn tomnorali it a K\/ Tf5 A/ 0 f*\ 


utoiacinc constant \\ fvnzj 


Density (p/cm - ) 


4 


385 


1.9 


1.015 


5 


383 


2.2 


1.025 


6 


384 


2.3 


1.023 


7 


390 


1.9 


1.016 


B 


381 


1.0 


1.021 


9 


382 


2.0 


1.019 


10 


374 


2.1 


1.018 


11 


385 


2.3 


0.958 


12 


380 


2.4 


0.962 


Comp. Ex. 1 


375 


2.5 


0.930 



IS 

EXAMPLES 13-17 

The copotymerizatton reaction conditions were changed as shown ri Table 4, and otherwise the same operation 
as in Example 1 was peformed. The results are shown in Tables 5-1, 5-2 and 5-3. 

20 



Table 4 



Example 


Catalyst 


DMON (g) 


Ethylene gas 


Polymerization 
temperature 
<°C) 


Amount of the 
copolymer 
yielded (g) 


VO(OEt)CI 2 
(mmoles) 


Et 3 AI 2 CI 3 
(mmoles) 


13 
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Table 5-3 





Example 


Heat decomposition temperature by TGA (*C) 


Dielectric constant (1 KHz) 


Density (gtem 3 ) 


55 


13 


385 


1.9 


1.022 




14 


380 


2.1 


1.018 
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Table 5-3 (continued) 



Example 


Heat decomposition temperature by TGA (*C) 


Dielectric constant (1 KHz) 


Density (g/cm 3 ) 


15 


373 


2.2 


1.014 


16 


376 


2.0 


1.021 


17 


377 


2.2 


1.016 



45 



EXAMPLE 18 

^ A thoroughly dried 500 ml separable nask was fitted with a stirring vane, a gas blowing inlet tube, a thermometer 
and a dropping tunnel, and thoroughly purged with nitrogen. 

Toluene (250 ml) dehydrated and dried by molecular sieve was put into the flask. 

White nitrogen was passed through the flask, 7.5 g of the compound (g) in Table 6, and 2.5 mtllimoles of ethyl 
aluminum sesquichloride were introduced into the flask, and 0.25 millimoie of dichlbroethoxyoxovanadium was added 
to the dropping funnel. A gaseous mixture composed of dry ethylene (1 0 liters/hr) and nitrogen (40 iiters/hr) was passed 
into the flask kept at 10*C for 10 minutes through the gas blowing inlet tube. From the dropping funnel, dichloroethox- 
yoxovanadium was added to start the copolymerization. While passing the gaseous mixture, the copotymerization was 
carried out at 10°C tor 30 minutes. During the copotymerization, the solution was uniform and transparent, and no 
precipitation of the copolymer was observed. Methanol (5 ml) wae added to the polymer solution to 6top the copolym- 
erization reaction. The polymer solution after the stoppng of the reaction was poured into large amounts of methanol 
and acetone to precipitate the copolymer. The precipitate was lurther washed with methanol and acetone, and dried 
in vacuo for one day at 60° C to obtain 5.3 g of the copolymer The copolymer had an ethylene content, measured 
by 13 C-NMR analysis, of 59 mole%, an intrinsic viscosity, measured in decatin at 135*C, of 1.4 dl/g, and an iodine 
number of 0.9. To measure its dynamical properties, the copolymer was molded into sheets having a thickness of 1 
and 2 mm by a hot press at 230*C. X-ray diffraction analysis of these sheets shows that no scattering by crystals was 
observed, and the sheets had a crystallinity (W°) of 0%. Transparency was measured on the 1 mm-thick sheet by a 
haze meter in accordance with ASTM D 1003-52, and found to be 9%. Flexural modulus and fiexural yield strength 
were measured on the 2 mm-thick press sheet in accordance with ASTM D790, and were found to be 2.5 x 10* kg/cm 2 
and 610 kg/cm 2 , respectively. The glass transition temperature Tg was found to be 150"C by measuring the loss 
modulus E" at a temperature elevating rate of 5*C/mln. by a dynamic mechanical analyzer (DMA) made by Du Pont, 
and determining Tg from its peak temperature. To determine the melting point Tm, the sample wae heated at a rate of 
10°C/min. in the range of -120 to 400° C by DSC (990 type made by Du Pont). The melting curve (peak) was not 
observed. 

The electrical properties of the copolymer were measured at 1 KHz by a dielectric loss measuring device made 
by Ando Electric Co., Ltd. It was round to have a dielectric constant of 1.9 and a dielectric tangent (tan 6) of 2.3 xlO* 4 . 
* To examine the chemical resistance of the copolymer, the press-formed sheet was immersed at room temperature 
In sulfuric acid (97%), aqueous ammonia (20%), acetone, and ethyl acetate for 20 hours, and then its appearance was 
observed. There was no change in color, reduction in transparency, deformation, dissolution, nor cracking. 

The copolymer elso had a density, determined by the density gradient tube method, of 1 .032 g/cm 3 , a refractive 
index (n D ), measured by an Abbe refractometer, of 1.540, and a pencil hardness, as a measure of hardness, of H. 

EXAMPLES 19-30 

The same operation as in Example 18 was carried out except that the monomers were changed as indicated in 
Tabte 6, and the copolymerization conditions were changed as 6hown in Table 7. The results are shown in Tables 6 
and 9. Tables 7, 8 and 9 also show the conditions and the results used and obtained in Example 18. 
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EXAMPLE 31 

A thoroughly dried 500 ml separable flask was fitted with a stirring vane, a gas blowing inlet tube, a thermometer 
and a dropping tunnel, and thoroughly purged with nitrogen. 
s Toluene (250 ml) dehydrated and dried by molecular sieve was put into the flask. 

While nitrogen was passed through the flask, 7.5 g of pentacyclo(6,5 ( 1,1 3 - 6 ( 0 2 * 7 ( 0 9 ' 13 )pentadecene*4 and 2.5 mil- 
6 limoles of ethyl aluminum sesquichloride ware introduced into the flask, and 0.25 millimole of dtchloroethoxyoxovana- 
dium was added to the dropping funnel. 

A gaseous mixture composed of dry ethylene (20 Itters/hr) and nitrogen (40 Irters/hr) was passed into the flask 
"> kept at 10*C for 10 minutes through the gas blowing inlet tube. 

From the dropping funnel, dlchloroethoxyoxovanadlum was added to start the copotymertzation. While passing 
the gaseous mixture, the copotymerization was carried out at 10*C for 30 minutes. 

During the copotymertzation, the solution was uniform and transparent, and no precipitation of the copolymer was 
observed. 

is Methanol (3 ml) was added to the polymer solution to stop die copotymerization reaction. 

The polymer solution after the stopping o1 the reaction was poured Into large amounts of methanol and acetone 
to precipitate the copolymer. The precipitate was further washed with methanol and acetone, and dried in vacuo for 
one day at 60* C to obtain 7.2 g of the copolymer. 

The copolymer had an ethylene content, measured by ,3 C-NMR analysis, of 55 mole%, an intrinsic viscosity, meas- 

20 ured in decalin at 135*C, of 2.1 dl/g, and an iodine number of 0.7. 

To measure Its dynamical properties, the copolymer was molded into sheets having a thickness of 1 and 2 mm by 
a hot press at 230° C. X-ray diffraction analysis of these sheets shows that no scattering by crystals was observed, 
and the sheets had a crystallinity (W°) of 0%. Transparency was measured on the 1 mm-thick sheet by a haze meter 
in accordance with ASTM D1 003-52, and found to be 8%. Flexural modulus and flexural yield strength were measured 

?s on the 2 mm-thick press sheet in accordance with ASTM D790, and wre found to be 2.5 x10* kg/cm 2 and 850 kg/cm 2 , 
respectively. The glass transition temperature Tg was found to be 149"C by measuring the loss modulus E" at a tem- 
perature elevating rate of 5°C/min. by a Dynamic Mechanical Analyzer made by Ou Pont and determining Tg from its 
peak temperature. To determine the melting point Tm, the sample was heated at a rate of 10*C/mtn. in the range of - 
1 20 to 400*C by DSC (990 type made by Du Pont). The metting curve (peak) was not observed. 

30 The electrical properties of the copolymer were measured at 1 KHz by a dielectric loss measuring device madeby 

Ando Electric Co., Ltd. It was found to have a dielectric constant of 2.0 and a dielectric tangent (tan 6) of 2.8 x 1CrV 
ft To examine ths chemical resistance of the press-formed sheet, it was immersed at room temperature in sulfuric 
acid (97%), aqueous ammonia (20%), acetone, and ethyl acetate for 20 hours, and then Its appearance was observed. 
There was no change in color, reduction in transparency, deformation, dissolution, nor cracking. 

3S The copolymer also had a heat decomposition temperature (the weight loss initiation temperature), determined by 

a thermoba lance, of 390* C, a density, determined at 23*C by the density gradient method, of 1 .025 a/cm 2 , a refractive 
index (n D ), measured by an Abbe refractometer, of 1.536, and a pencil hardness, as a measure of surface hardness, 
of H. 

EXAMPLES 32-36 

The same operation as in Example 31 was carried out except that the monomer components were changed as 
shown in Table 10, and the copotymerization conditions were changed as shown in Table 10. The results are shown 
in Tables 10, 11 and 12. 
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Claim* 

4 1 . A transparent random copolymer characterized in that 

(A) said copolymer comprises polymerized units derived from ethylene and polymerized units derived from a 
1 ,4.5,8-dimethano-l ,2, 3,4,4a, 5.8,Sa-octahydronaphthalene represented by the following formula (1) 



(1) 



wherein R, and R2 are identical or different and each represents a hydrogen atom, a halogen atom or 
an alkyl group, or R 1 and may be bonded to each other to form a trlmethylene group or a group represented 
by the following formula 



x 



30 



in which R 3 and R 4 are identical or different and each represents a hydrogen atom, a halogen atom or 
an alkyl group, 

(B) the mole ratio of polymerized units derived from 1, 4,5, 6-dime ihano-1 P 2, 3,4,4a, 5, 8,8a-octahydronaphtha- 
lene to polymerized units derived from ethylene Is from 3:97 to 95:5. 

(C) the 1 ,4 ( 5 F B-dimethanc-1 ( 2.3,4,4a,5.8,8aoctahydronaphthalene is incorporated in the polymer chain as 
polymerized units represented by the following formula (2) 

XXX" - - 



wherein R 1 and Rg are as defined above, and 
(D) said copolymer has a glass transition temperature, measured by e dynamic mechanical analyzer, of at 
least 25"C, subject to the proviso that said copolymer does not consist essentially of said at least one 

35 1,4,5,B-dimethano-1,2 t 3 l 4,4a,5 l 8 t 8a-octahydronaphthalene represented by the formula (1), ethylene and at 

least one alpha-olefin of at least 3 carbon atoms and/or cyctoolefin, wherein the mole ratio of polymerized 
unite from the 1 ,4.5,8-dimethano-1.2,3,4,4a,5,8 t 8a-octahydronaphthalene to polymerized units from ethylene 
is from 3:97 to 95:5, and the mole ratio of polymerized units from the at Iea6t one alpha olefin and/or cycloolefin 
to the polymerized units from the 1 ,4,5, 8-dimethano-1 ,2, 3,4,4^5,8, Ba-cctahydronaphthalene is from 95:5 to 

40 20:80. 

2. A transparent random copolymer according to claim 1 which has an intrinsic viscosity, measured in decalin at 
1 35* C, of 0.005 to 20 dl/g. 

45 3. A transparent random copolymer according to claim 1 or 2 wherein, in formula (1), at least one of R 1 and R 2 is an 
alkyl group. 

4. A transparent random copolymer according to claim 1 , 2 or 3 which has a glass transition temperature of 30 to 
220*C. 

so 

5. A process for producing a transparent random copolymer as claimed in any one of the preceding claims which 
comprises copolymerizing a monomer mixture comprising ethylene and at least one 1 ,4,5,8-dimethano-1 .2.3.4,4a. 
5,8,8a-octahydronaphthalene of the formula (1) in a hydrocarbon medium under a pressure of up to 4.9 MPa (0 

* to 50 kg/cm 2 ) ri the presence of a catalyst formed from a vanadium compound and an organoaluminum compound 
ss which are soluble in the hydrocarbon medium. 

6. Shaped articles of a transparent random copolymer as claimed in any one of claims 1 to 4. 
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7. A transparent random copolymer as defined in claim 1 which is obtainable by coporymerizing a monomer mixture 
« comprising ethylene and at least one 1 ,4,5 ( B-dlmethano- 1,2,3 , 4,^,5,8,88 -octahydronaphthalene of the formula 
(1 ) in a hydrocarbon medium under a pressure at 0 to 4.9 Mpa (0 to 50 kg/cm 3 ) in the presence of a catalyst formed 
from a vanadium compound and an organoaluminum compound which are soluble in the hydrocarbon medium. 

5 



10 



IS 



Patentanapruche 

1. Transparentes statistisches Copolymer, dadurch gekennzeichnet. daG 

(A) das Copolymer umfa&t polymerisierte Einheiten, abgelertet von Ethylen, und potymerisierte Einheiten, 
abgeleitet von I.A.S.fl-Dimethano-l^.a^^a.S.fi.Ba-octahydronaphthalin, angegeben durch die Formal (t) 



25 



30 



40 



OOC 



(1) 



in der R 1 und R 2 gleich oder verschieden sind und jeweils ein Wasserstoflatom, ein Halogenatom oder eine 
20 Alkylgruppe bedeuten, Oder R t und R z miteinander verbunden aern konnen unter BiWung einer Trimethylen- 

gruppe oder einer Gruppe, angegeben durch die Formel 



3C 



wobei R 3 und R 4 gleich oder verschieden sind und jeweils ein Wasserstoffatom, ein Halogenatom oder eine 
Alkylgruppe bedeuten, 

(B) das Morverhartnis von polymerisierten Einherten, abgeleitet von dem 1 ,4,5,8-Dimethano-l ,2 t 3,4,4a,5,8,ea- 
octahydronaphthalin, zu polymerisierten Einherien, abgelertet von Ethylen, 3:97 bis 95:5 betragt, 

(C) das 1 ,4.5,8, -Drmelhano-1 .2.3.4.4a,5.8.8a-octahydronaphthalin in der Polymer kette eingebaut ist in Form 
von polymerisierten Einheiten, angegeben durch die Formel (2) 



l 2 

wobei R, und R 2 wie oben definiert sind, und 

(D) das Copolymer eine GlasObergangstemperatur, gemessen mlt Hifte eines dynamisch-mechantschen Ana* 
4S lysators, von mindestens 25° C besitzt mrt der Maftgabe, daG das Copolymer nicht im wesent lichen aus dem 

einen I^.S.S-Dimethano-t.S^^^.S.e.Sa-cctahydronaphlhalin, angegeben durch die Formel (1), Ethylen 
und mindestens einem a-Olefin mrt mindestens 3 Kohlenstoffatomen und/oder Cycloolefin besteht, wobei das 
Motvsrhaftnia von polymerisierten Einheiten, abgeleitet von mindestens einem a-Olefin und/oder Cycloolefin, 
zu polymerisierten Einheiten, abgelertet von dem 1,4,5,6-Dimelhano-l .a^^^.S.e.Ba-octahydronaphthalin, 
so 95:5 bis 20:80 betragt 



2. Transparentes statistisches Copolymer nach Anspruch 1 mrt einer Grundviskositat, gemessen in Decalin bei 
4 1 35° C, von 0,005 bis 20 dl/g. 

55 3. Transparentes statistisches Copolymer nach Anspruch 1 Oder 2, wobei in Formel (1 ) mindestens einer der Reste 
R 1 und Rj eine Alkylgruppe ist. 

4. Transparentes statistisches Copolymer nach Anspruch 1 , 2 oder 3, das eine GlasObergangstemperatur von 30 bis 
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220°C besittt. 

5. Verfahren zur Herstellung ernes transparenten statlstfschen Copolymers nach einem der vorangehenden Anspru- 
che, umfassend das Copotymerisieren eines Monomergemisches, umfassend Ethylan und mindestens etn 

5 1,4 l 6 t 8-Dimethano'1 t 2.3,4 ) 4a l 5 f 8 l 8aoctahydronaphthalin dor Formal (1), in einem Kohlenwaseerstoffmedium 

unter einem Druck von bis zu 4,9 MPa (0 bis 50 kg/cm 2 ) In Gegenwart eines Katalysators, gebitdet aus elner 
Vanadiumverbtndung und einer Organoatuminiumverbindung, die in dem Kohlenwasserstoff medium loslich sind. 

6. Formkorper aus einem transparent en statistischen Copolymer nach einem der Ansprtiche 1 bis 4. 

10 

7. Transparentes statlstisches Copolymer nach Anspruch 1 , das ernatttich 1st durch Copotymerisieren eines Mono- 
mergemischas, umfassend Ethyten und mindestens ein 1 t 4,5,e-Dimelhano-1.2,3,4-4a,5,B.8a-octahydronaphtha- 
tin der Forme I (1), in einem Kohlenwasserstoffmedium unter einem Druck von bis zu 4,9 MPa (0 bis 50 kg/cm 2 ) in 
Gegenwart eines Katatysators, gebildet aus einer Vanadiumverbtndung und einer Organoaluminiumverbindung, 

is die in dem Kohlenwasserstoffmedium loslich sind. 



Revendlcatlone 

20 1. Copolymers statistique transparent caracterise en ce que 

(A) (edit copolymers comprend des motifs polymerises derives de I'ethylene at des motifs polymerises derrves 
d'un l^.S.e-dimethano-l^.a^^.S.e.Ba-octahydronaphlalene represente par la formule suivante (1) : 



26 
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45 



SO 



55 



(1) 



dans laquelle R, et R a sont identiques ou ditterents. et chacun represente un atome d'hydrogene, un atome 
d'halogene ou un groupe aikyle, ou R, el R 2 peuvent dire relies Tun a i'autre pour former un groupe trim ethylene 
ou un groupe represente par la formule suivante : 



dans laquelle R 3 et R 4 sont identiques ou drfferents, et chacun represente un atome d'hydrogene* un atome 
d'halogene. ou un groupe alkyle, 

(B) le rapport molaire des motifs polymerises derive* s de 1 t 4,S,B-dim6thano-1.2,3,4,4a,5,8,8a-octahydronaph- 
talene aux motifs polymerises derivds de ethylene vaut de 3:97 a 95:5, 

(C) on incorpore le 1 ,4,5, B-dimethano-l , 2, 3,4,4a, 5,8, 8a-octahydronaphtalene dans la chatne du porymere 
comme motifs polymerises represents* par la lormule suivante (2) 



(2) 



dans laquelle R, et R 2 ont les definitions indfqu6es precedemment, et 

(D) ledit ccpciyrnare a una temperature de transition vitreuse, mesuree par un anatyseur mecanique dynami- 
que, valant au moins 25° C, a condition que ledit copolymer© ne consists pas essentiellement en au moins 
Tun de ces t f 4,5 ( 8-dimethano-1 ,2,3,4,4a.5,B,8a-octahydronaphtalene represente par la formule (1), ethylene, 
et en au moins une alpha-olefine comportant au moins trois atomes de carbone et/ou cyctooldfine, dans tequel 
le rapport molaire des motifs polymerises du I^.S.eKJimdthano-I^.S^^.S.e.Sa-octahydronephtotene aux 
motifs polymerises de ('ethylene vautde 3:97 a 95:5, et le rapport molaire des motifs polymerises derives d'au 
moins une alpha-olefine et/ou cycloolertne aux motifs polymerises derives du 1,4,5,B-dimethano-1, 2,3,4, 4a, 
5,8,8a-octahydronaphtaJene vaut de 95:5 a 20:80. 
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4 2. Copotymere statistique transparent contorme a la revendication 1, qui a une viscosity tnirinseque, mesuree dans 
la decaline a 1 35*C. cf au moins 0.005 a 20 dl/g. 

3. Copotymere statist i que transparent conforms a la revendication 1 ou 2. dans lequel dans la formule (1 ), au moins 
5 fun de6 ft-i et represents un groupe alkyle. 

4. Copolymer* statistique transparent conforme a la revendication 1 , 2, ou 3, qui a une temperature de transition 
vitreuse de 30 a 220*C. 

10 s. Proc6d6 de preparation cfun copotymere statistique transparent conforme a Tune quelconque des precedentes 
revendicationa, qui comprend la copoiymerlsatlon d'un melange de monomeres contenant Methylene et au moins 
un 1 ,4,5,8-dimethano-1 .2 A4.4a,5,S,fia-octahydronaphtalene de formule (1 ) dans un milieu d'hydrocartoures sous 
une pression ne depassant pas 4,9 MPa (0 a 50 kg/cm 2 ), en la presence d'un catalyseur forme a partir d'un 
compose de vanadium et d'un compose organique d*alumlnium qui sont solubles dans le milieu d'hydrocarbures. 

1S 

6. Articles f aeon n 6s avec un copolymere statistique transparent conforme a Tune quelconque des revendications 1 
a 4. 

7. Copotymere statistique transparent conforme a la revendication 1 , qui peut etre obtenu par copolymerisatlon d'un 
20 melange de monomeres contenant ('ethylene et au moins un 1 ,4,5,8-dimethano-l ,2,3,4,4a,5.8,6a-octahydronaph- 

talene de formule (1) dans un milieu d'hydrocarbures sous une pression de 0 a 4,9 MPa (0 a 50 kg/em 2 ) en la 
presence d'un catatyseur forme a partir d'un compose de vanadium et d'un compose organique d'aluminium qui 
sont solubles dans le milieu d'hydrocarbures. 
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